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Zhongyu Ma, Huiqing Gao, Weihua Yin and Zhichao Wen At the end of 2012, the report of the eighteenth National Congress of the Communist Party of China proposed that, by 2020, China would become one of the most innovative countries in the world. This was the first time such a goal had been set since China's period of reform and opening-up began; it was also the first time in the thousands of years of China's history.
Over the years, the Chinese Government has carried out reforms designed to delegate power to enterprises, streamline administration and optimise government services, to promote large-scale entrepreneurship and encourage cultural and educational innovation. As a result, an atmosphere of innovation has taken hold in Chinese society; the innovation system has been continuously improved, levels of innovation have been growing and new modes of business have emerged. According to the 2018 Global Innovation Index, published by the World Intellectual Property Organization (WIPO), Cornell University and other institutions, mainland China has moved up five positions to seventeenth place since 2017. This is the first time mainland China has featured in the top 20-signalling that it is becoming one of the world's most innovative economies.
Behind the rapid improvement of China's overall innovative competency is the improvement of the innovative competency of Chinese companies, with listed companies the main force of company innovation and development. With the help of 'big data' technology, China has built a system to evaluate technological and model innovation competency, which is the first integrated system anywhere that integrates technological and model innovation competency in one index. The results of the evaluation show that, although China's national innovation competency is ranked among the top 20 in the world, Chinese listed companies are generally in the preliminary stages of innovation and development, and the potential for future progress is great.
It can be foreseen that, with the continuous implementation of innovation-driven strategies, Chinese companies will gradually become the main body driving innovation, and the national science and technological innovation system will be greatly improved. In addition, the goal of China becoming one of the most innovative countries in the world by 2030, as well as establishing a world-class innovation centre by 2050, can be achieved.
Theories and methods
Drawing on previous theoretical findings and considering the characteristics of innovation, we propose a method to establish the first index evaluation system for listed companies' technological and model innovation competency.
Relevant theories of evaluation of listed companies' innovation

Two basic theories Theory of innovation ecology
According to theory, a sound innovation ecosystem should include the following components. First, a broad awareness and culture of innovation in the society, strict property rights and an intellectual property protection system, transparent business rules, fair market order and a complete mechanism for talent flow. Second, it must provide resources for education, scientific research, talent and capital to meet the needs of innovative companies. Third, it must produce a mechanism that promotes effective and integrative development of policies, production, learning and research, as well as advancing the role of the government and the market in resource allocation, accelerating industrialisation of scientific and technological achievements and maximising the realisation of economic and social benefits. Fourth, the government must pay close attention to innovation in economic development and, according to the needs at different stages of innovation and development, carry out policymaking and strategic planning to effectively promote innovation.
Theory of innovation competency
The innovation competency of companies is their ability to achieve innovation, improvement and advancement in all aspects of production and operation. It comprises the following six competencies:
1. Innovation input competency, which refers to the quantity and quality of the resources invested in a company's innovation activities, which is, in turn, the basis of that company's innovation activities. According to the internationally accepted method, company innovation input is divided into research and development (R&D) input and non-R&D input. 2. Innovation of R&D competency, which is a key factor influencing a company's innovation, including its competency of R&D in terms of creating new technology and new products.
3. Market innovation competency-that is, any innovative activity must ultimately be recognised by the market and be commercialised, so that all innovation input can be transformed into real economic and social benefits. This includes the competence to marketise new products and to adopt new technologies to transform existing markets. 4. Organisational innovation competency, which mainly includes the innovation competencies of the organisational system and function, the organisational management system and its rules and regulations. 5. Innovation of motivation competency, which helps stimulate a company's desire for innovation and encourages it to make this a reality. This competency can encourage employees to take the initiative and be forward-looking in their approach to innovation. 6. Innovation output competency, which refers to the capability to reduce costs, create markets and generate revenue through technological innovation, demonstrating the economic benefits and technological advances brought by such innovation.
Two basic forms of innovation
The term 'technological innovation' in this chapter refers to innovative activities in which new technologies are researched and developed; these technologies are directly utilised to establish new processes and produce new products. The term 'model innovation' refers to the innovative activities in which new models of production (excluding the establishment of new processes), organisational models and business models are researched and developed. Based on these definitions and the comparison of various international methods of innovation classification, we believe that almost all forms of innovation can be categorised as one of three types: 1) technological innovation, 2) model innovation or 3) hybrid innovation, which combines the first two types of innovation.
Construction of an evaluation index for innovation competency of listed companies in China
Drawing on the above theories and the research findings of similar projects in China, this chapter is a response to the need to promote the innovation and development of Chinese listed companies. Moreover, this chapter establishes, with the support of big data technology, the first evaluation index for Chinese listed companies' technological and model innovation. The research data mainly comes from three sources: the Wind Database (innovation inputs and innovation outputs), the Guotaian Database (technological innovation patent) and data mining from annual reports and announcements of listed companies (innovation environment, technological innovation, model innovation).
Composition of the index
The innovation index system of Chinese listed companies consists of five major sectors: the innovation environment, innovation inputs, technological innovation, model innovation and innovation outputs. It should be noted that in this framework, technological innovation and model innovation are regarded as the intermediate processes between innovation input and innovation output. 
Index synthesis methods
The system consists of five primary indicators: innovation environment, innovation inputs, technological innovation, model innovation and innovation outputs (Table 8 .1). First, all secondary indicators of one primary indicator are nondimensionalised. The value of the secondary indicators and their associated weights are calculated according to the weighted average formula to obtain a score for the primary indicator. The score for each primary indicator is then weighted and averaged again to obtain an overall score for the index.
Evaluation of innovation competency of listed companies in China
Among industries in China, the most active and competitive companies are domestic listed companies. Therefore, evaluation of the innovation competency of listed companies in China can provide a good picture of the structural distribution and overall trend of China's innovation competency.
Overall analysis of innovation competency
Innovation competency of listed companies is generally low
China's securities market has long been oriented towards finance, and there is no effective incentive mechanism for company innovation and development.
In addition, the lag in the reform of the securities market system has seen many internet innovation companies, represented by 'BAT', 2 target overseas markets. The innovation competency of listed companies in China is generally weak and the total innovation competency score in the index is currently 43.94 (Table 8 .2).
Most listed companies in China are in the preliminary stage of innovation and development
The innovation and development of listed companies in China reveal a development trend of 'relatively high input and relatively low output'. The scores for the technological innovation index, model innovation index and innovation output index of listed companies in China are significantly smaller than that of the innovation input index, which has a twofold importance: first, most of the listed companies in China are still in the preliminary stages of innovation, marked by high inputs, and only a few companies have entered the later innovation stage marked by high benefits. Second, there is a relatively low conversion efficiency of China's listed companies' innovation inputs. In the future, as China increases innovation inputs, it must also pay more attention to increasing the conversion efficiency of these inputs.
Analysis of innovation competency according to region
Innovation activities of listed companies in China are highly concentrated in the east
The regional distribution of China's top 500 companies in terms of innovation competency shows there are more innovative companies in the east and fewer in the west of the country. Among the top 500 companies, more than 80 per cent are in the east. The numbers of listed companies in the central, western and northeastern regions account for 11.4 per cent, 6.2 per cent and 2 per cent, respectively, of the total (see Figure 8 .1).
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Spatial distribution of innovation competency by municipality and province takes a gradient descent
The provinces and municipalities with a total innovation competency score of 63 or above are identified as the 'first echelon' (Table 8 .3). Those in the first echelon have strong innovation competency and include Beijing, Guangdong Province, Zhejiang Province, Shanghai, Jiangsu Province, Fujian Province and Shandong Province.
The provinces and municipalities with a total innovation competency score of 53-63 form the 'second echelon', and their innovation competency is relatively strong. The second echelon includes 14 provinces and municipalities: Sichuan Province, Hubei Province, Anhui Province, Henan Province, Hunan Province, Liaoning Province, Tianjin, Hebei Province, Chongqing, Shaanxi Province, Jiangxi Province, Guizhou Province, Jilin Province and Yunnan Province.
The provinces and municipalities with a total innovation competency score of 53 or less are identified as the 'third echelon', and their innovation competency is relatively weak. The third echelon includes 10 provinces and municipalities: Xinjiang Uygur Autonomous Region, Guangxi Zhuang Autonomous Region, Heilongjiang Province, Gansu Province, Shanxi Province, Hainan Province, Inner Mongolia Autonomous Region, Tibet Autonomous Region, Qinghai Province and Ningxia Hui Autonomous Region.
The gradient distribution makes it obvious that innovation competency follows a descending pattern from eastern China to the central and then the western regions. All provinces and municipalities in the first echelon are in eastern China. The majority of places in the second echelon are in the central region, while in the third echelon-except for Hainan Province and Heilongjiang Province-all provinces and municipalities are in the west. (1) 76.18 (2) 71.08 (3) 46.09 (5) Zhejiang Province 66.50 54.61 (4) 81.24 (1) 69.58 (3) 78.33 (2) 48.72 (5) Shanghai 66.20 58.89 (4) 82.67 (1) 67.48 (3) 74.39 (2) 47.57 (5) Jiangsu Province 66.04 64.84 (4) 71.95 (2) 71.71 (3) 75.88 (1) 45.82 (5) Fujian Province 64.64 65.42 (3) 78.23 (1) 61.89 (4) 73.38 (2) 44.28 (5) Shandong Province 63.59 61.95 (4) 77.13 (1) 66.59 (3) 70.32 (2) 41.95 (5) Sichuan Province 62.49 65.41 (3) 73.49 (1) 62.75 (4) 66.41 (2) 44.37 (5) Hubei Province 61.58 61.12 (4) 76.36 (1) 62.21 (3) 66.31 (2) 41.89 (5) Anhui Province 61.50 60.53 (4) 68.01 (2) 63.43 (3) 70.37 (1) 45.16 (5) Henan Province 60.73 59.41 (4) 70.18 (1) 63.61 (2) 63.02 (3) 47.45 (5) Hunan Province 60.13 63.96 (2) 70.59 (1) 58.23 (4) 60.32 (3) 47.53 (5) Liaoning Province 58.79 58.09 (3) 74.36 (1) 56.56 (4) 59.05 (2) 45.87 (5) Tianjin 57.86 57.35 (4) 67.77 (1) 62.96 (2) 60.68 (3) 40.57 (5) Hebei Province 56.28 58.98 (2) 57.39 (4) 64.50 (1) 56.93 (3) 43.61 (5) Chongqing 55.72 59.52 (2) 59.26 (3) 60.76 (1) 58.78 (4) 40.27 (5) Shaanxi Province 54.03 61.46 (2) 62.35 (1) 49.71 (4) 57.72 (3) 38.93 (5) Jiangxi Province 53.14 61.53 (2) 51.52 (4) 62.37 (1) 53.42 (3) 36.84 (5) Guizhou Province 52.45 65.14 (1) 49.83 (4) 55.65 (2) 51.66 (3) 39.98 (5) Overall (1) 48.37 (4) 50.50 (3) 52.04 (2) 40.61 (5) Guangxi Zhuang Autonomous Region 48.83 57.43 (1) 50.84 (2) 45.56 (3) 45.42 (4) 44.92 (5) Heilongjiang Province 48.77 51.61 (2) 54.21 (1) 49.49 (3) 48.39 (4) 40.15 (5) Gansu Province 48.14 54.79 (1) 44.12 (4) 52.44 (2) 51.07 (3) 38.26 (5) Shanxi Province 47.39 57.45 (1) 47.41 (3) 52.30 (2) 44.70 (4) 35.08 (5) Hainan Province 46.75 51.71 (2) 57.33 (1) 42.68 (4) 43.27 (3) 38.74 (5) Inner Mongolia Autonomous Region 45.37 48.58 (1) 42.64 (4) 46.17 (3) 46.81 (2) 42.64 (5 Note: The number in parentheses indicates the ranking of the subindicators.
Analysis of innovation competency according to industry
High-tech manufacturing industries and modern service industries have strong innovation competency, and traditional industries have relatively weaker innovation competency
According to the comparative analysis of the overall index of innovation competency, industries with a higher total innovation competency index are mainly high-tech manufacturing and modern service industries ( Innovation competency scores for traditional manufacturing and service industries are 41.96 and 37.07, respectively, which are 6.56 and 11.49 points less than the high-tech manufacturing and modern service industries, respectively.
Service industries focus on model innovation and manufacturing industries focus on technological innovation
Innovation in service industries is dominated by model innovation. The score for the model innovation index of service industries is 3.74 points higher than the technological innovation score. The scores for model innovation for information transfer, software and information technology services, culture, sports and entertainment, leasing and commercial services, finance and board and lodging services are 6 points higher than the scores for the technological innovation index.
Innovation in manufacturing industries is dominated by technological innovation. The technological innovation index score for manufacturing is 5.17 points higher than the model innovation score. The technological innovation index scores for the comprehensive utilisation of waste resources, processing of timber, manufacturing of wood, bamboo, rattan, palm and straw products, smelting, rolling and pressing of ferrous metals and smelting, rolling and pressing of nonferrous metals are 10 points higher than their model innovation scores. (5) 33.60 (4) 36.70 (2) 34.22 (3) Electricity, heat, gas and water production and supply 37.20 53.06 (1) 28.22 (5) 34.13 (3) 28.62 (4 
Conclusions
Chinese company innovation is still in the early stage of development
The process of company innovation and development consists of an early highinput stage and a late high-yield stage. At the end of 2017, China's strategy for innovation-driven development had been in operation for only five years, and the innovation and development of Chinese companies remain in the early stages. The innovation competency of listed companies is generally low, which is in line with the general trend of innovation and development. The evaluation results show that, with the implementation of the innovation-driven strategy, the continuous promotion of the government's reforms to delegate power, streamline administration and optimise government services and to promote large-scale entrepreneurship and innovation have led to significant improvements in the external environment for the innovation and development of Chinese companies. This has laid a robust foundation for the sustainable and sound development of company innovation.
It should be noted that the level of innovation and development of Chinese companies is due mainly to a small number of leading companies, while the innovation competency of most listed companies can, and should, be improved. A favourable pattern in which leading companies help smaller ones so as to achieve coordinated development has not yet been established.
Distribution of China's listed companies according to innovation competency follows a gradient descent
This study shows that, compared with the traditional factor-driven economy, an innovation-driven economy can lead to a concentration of resources. China's eastern region has the advantage of many resources-such as talent, capital, culture, internationalisation, reform and opening-up-and has become an area of concentration for Chinese company innovation and development. Among the top 500 innovative companies, those in the east account for 80 per cent of the total, with 44.6 per cent in Guangdong and Beijing alone. Guangdong and Beijing have assumed leading positions in company innovation and development on a national scale.
At the same time, the central region has become the main area for industrial transfer from the east and is strongly influenced by innovation activities in the eastern region. The central region has relatively good resources in terms of talent, capital and culture, and its innovation competency is ranked second in the country. In contrast, the mid-west and north-east regions have relatively few innovative resources, and therefore overall company innovation competency is weak.
Active innovation in high-tech manufacturing and modern service industries
Company innovation activities are often carried out based on new technologies and models of operation. In recent years, to accelerate the upgrading and transformation of China's industrial structure, the central government has implemented a number of supporting policies that have effectively promoted the innovation and development of China's high-tech manufacturing industries and modern service industries. Among these industries, information transfer, software and information technology services, the manufacturing of computers, communication equipment and other electronic equipment, the manufacturing of electrical machinery and equipment, the manufacturing of special equipment and pharmaceutical manufacturing have become the five major innovative industries.
Comments on innovation policies for firms in China
In China, the rudiments of capitalism were already evident as long ago as the Song Dynasty. In the Ming Dynasty, there was a large-scale coal industry, which included exploration for and utilisation of natural gases, and a rather advanced iron and steel industry, which had already solved technical problems around the casting of iron and steel that Europeans were not able to figure out until the nineteenth century. However, the Industrial Revolution did not take place in China. The key reason was the longterm suppression of Chinese entrepreneurs' innovative spirit throughout history.
In September 2017, the State Council issued a policy document entitled 'Opinions Regarding Making a Healthy Growing Environment for Entrepreneurs, Spreading Excellent Entrepreneurial Spirit and Better Exercising Entrepreneurs' Roles'. The chairman of the board of Alibaba Group noted that this document marked 'a great leap forward in thinking since 2,000 years ago in China' (Sina Technology 2017). This document and the gradual introduction of relevant supporting policies will undoubtedly shape China's future development.
To encourage enterprise innovation, the Chinese Government has over the years issued hundreds of relevant policies, with the number reaching the tens of thousands when coupled with policies introduced by local governments. These policies can be grouped into the following categories:
1. Increasing efforts to protect intellectual property and establish and perfect the legal system governing intellectual property. 2. Promoting reforms to delegate power, streamline administration and optimise government services, and build a market environment in which entrepreneurs can compete fairly. Propelling the system of negative listing of market access and guaranteeing that all kinds of market subjects can legally and equally enter industries, fields and services outside the negative list. Opposing local protectionism, revising local regulations that hinder fair competition and establishing a unified market that allows the free flow of production factors. 3. Encouraging local governments to be bold and establishing a mechanism that tolerates mistakes and is adventurous. 4. Promoting close cooperation between universities, research institutes and enterprises, integrating three-party resources, improving innovation capacities and increasing the conversion efficiency of technological achievements. 5. Establishing and perfecting service platform systems that support entrepreneurial innovation. There are more than 5,500 maker spaces in China, along with more than 4,000 high-tech business incubators and over 970 innovation and startup platforms built by central government enterprises. 6. Some 120 innovation and startup model bases have been established. Through exploration and practise, successes can be promoted nationwide. 7. Boosting the construction of an innovation mechanism that involves cooperation between large, medium and small enterprises. Through an industry chain, these enterprises can co-establish innovation platforms, open innovation resources and engage in cooperative innovation activities. 8. Increasing efforts to support innovation-based enterprises in terms of finance and taxation policies and offering favourable fiscal terms to these enterprises. 9. Broadening the direct financing channels of innovation-based enterprises, and prioritising bond issues, financing and public offerings of medium and small tech enterprises.
As can be seen, to effectively promote the innovative development of enterprises, the Chinese Government has not only offered innovation-based enterprises taxation and financial support, but also introduced a series of supportive legal, social and administrative policies. These efforts have yielded remarkable results.
Based on various local surveys, there are two major flaws in the policies aimed at encouraging entrepreneurial innovation in China. The first is that some policies have not yet been fully formulated, such as the imperfect system of intellectual property protection. And the second is that some policies are not completely implemented due to various interruptions. These problems are bound to occur in the development process of a transitional country. Along with the continual and thorough implementation of innovation-driven strategies, these problems will gradually be effectively alleviated or resolved.
With the perfecting of the policy system that supports entrepreneurial innovation, Chinese enterprises will move from the early innovation stage of high investment to the late stage of high yields. This is the main reason the innovation of Chinese enterprises enjoys a rosy prospect.
